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ABSTRACT

The ONR-307 Energetic Particles and Ion Composition instrument payload will

measure the energetic particle and plasma environment of the Earth's radiation

belts and inner plasma sheet. The payload has been successfully designed, built,

and tested for flight on the Combined Release and Radiation Effects Satellite.

The instruments were integrated with the spacecraft and tested with the

integrated system. This mission, originally scheduled for shuttle launch in

July, 1987, will now be launched on an Atlas Centaur in June, 1990. The ONR-307

payload is currently undergoing final adjustments and calibration activities

prior to re-integration with the spacecraft in May, 1989. Procedures have been

developed and documented for on-orbit operation of the payload and acquisition

of the data on digital tapes.
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jBACKGROUND

The Combined Release and Radiation Effects Satellite (CRRES) is a joint

NASA/DOD program which was originally planned to be carried out in two phases

following a shuttle launch. The NASA phase of the mission, planned for execution

in Low Earth Orbit (LEO), consists of several chemical releases in combination

with onboard diagnostic instrumentation, measurements from other satellites, and

ground based observation. Following the NASA phase of the mission, the

spacecraft was to be boosted to Geosynchronous Transfer Orbit (GTO) to initiate

the DOD phase. Following the Challenger accident the CRRES mission was

restructured in order to allow the earliest possible launch. CRRES is now

scheduled to be launched directly into GTO on an Atlas Centaur in June, 1990.

The number of NASA chemical releases have been reduced, and the releases will

now be performed in GTO during operatiens of the DOD instruments.

The ONR-307 payload, the Energetic Particles and Ion Composition (EPIC)

experiment, consists of four instruments to be operated continuously during the

CRRES mission In support of Navy objectives. Specifically, these objectives are

to obtain the necessary plasma composition and energetic particle data over an

extended period of time and with sufficient pitch angle resolution throughout

the earth's radiation belts such that accurate environmental models, suitable

for engineering purposes, can be constructed. The EPIC experiment will measure

two critical components of the environment:

1) Energetic magnetospheric plasma, including composition, in the energy

range 0.1 to > 1000 keY. This component of the space environment is the

principal cause of spacecraft surface charging, degradation of sensitive

spacecraft surfaces, and ionospheric disturbances that disrupt critical

communications paths. In addition, some portion of this magnetospheric plasma

is ultimately transported into the inner magnetosphere and energized to become

part of the radiation belts.

2) Energetic electrons in the energy range 20 to 5000 keY and protons in

the range 0.5 to 100 MeV. These energetic trapped components of the radiation

belts penetrate deeply intc spacecraft systems where they cause degradation of

microelectronic components, charging/discharging of internal dielectrics, such
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as coaxial cables, CMOS devices etc., and ultimately limit mission lifetime.

These electrons, when precipitated out of the radiation belts into the

I atmosphere/ionosphere, enhance ionization of the D and E region ionosphere and

can disrupt communications paths from ELF to HF.

In order to assure complete measurements of these key components, the EPIC

payload uses four instruments of three different designs. The ONR-307-3

Spectrometer for Electrons and Protons measures energetic electrons and protons

using a design derived from the highly successful SC-3 instrument developed for

the Offic- of Naval Research for flight on SCATHA. The ONR-307-8-1,2 Low Energy

Ion Mass Spectrometers meacure ion composition at low to medium energies. These

spectrometers are also based on instruments developed for the Office of Naval

Research, first for the pioneering S3-3 mission, and later for SCATHA. The

ONR-307-8-3 Medium Energy Mass Spectrometer uses an entirely new design,

developed to extend the range of ion composition measurements well above those

covered by the ONR-307-8-1,2 type of instrument. Descriptions of each of the

instruments will be presented in the next section and in appendices to this

report.

The measurements of the EPIC instruments, when combined with data from

complementary instruments from other laboratories, will provide comprehensive,

synergistic data to address Navy and DoD objectives. The extensive data base to

be obtained in both space and time will provide the basis of greatly improved

modeling of the inner and outer radiation belts, suitable for engineering design

and analysis purposes in future DoD missions.

One of the critical results of the CRRES mission will be a determination of

the effects of the radiation environment on a broad range of microelectronic

components. Specifically, CRRES will directly correlate the measurement of

radiation effects on microelectronics with simultaneous in situ radiation

measurements. These correlations will be performed in parallel with the

development of imprnved radiation belt models. Accurate models of the space

radiation environment, together with an understanding of its effects on

spacecraft systems, are of primary importance to the design, optimization, and

operation of DoD space systems.

-3-



One of the most important life-limiting elements of DoD reconnaissance,

communication and manned platforms in space is the radiation environment.

Current program requirements demand operational spacecrat lietimes of 5 to 10

years in near-earth orbit. Such long operatinal lifetimes demand that

considerable attention be given to shielding and radiation-hardened electronic

parts. Military space systems must also be designed to survive the even more

extreme radiation effects from nuclear weapon bursts in space.

Radiation shielding creates significant weight and cost impacts on many DoD

missions. Uncertainties in the amount of shielding required leads to

conservative design practices which adversely impact available payload weight

capabiliLy. Our present understanding of the earth's radiation belts, based on

two decades of measurements, has been synthesized by the National Space Data

Center into models of the electron and proton populations that provide the

principal threat to satellites. For several reasons the accuracy of these

models in defining the environment that a particular satellite mission will

encounter is only good to a factor of 3, i.e. a 300 percent uncertainty. Of the

many factors responsible for this large uncertainty, the dynamics of the

radiation belts with solar activity, the limited region of space and temporal

duration covered by the measurements, and the variability in the capabilities

and accuracy of the measuring instrumentation are paramount. ro significantly

improve on the current radiation belt models, therefore, all of these

limitations must be improved upon. The unique orbit of the CRRES mission, the

comprehensive set of measurements and the long mission duration provide great

promise for substantial improvements in future radiation belt modeling.

Because of the variety of orbits used by the DoD and the complexity of the

radiations encountered it is essential that a comprehensive radiation measuring

payload include:

1) Discrimination of the various particle types and masses, i.e.

electrons, protons, and heavy ions.

2) Measurement of the energy spectra of the various particle species since

this directly translates into the penetrating power through shielding.

-4-I



3) Complete pitch angle coverage with good angular resolution since this

provides the ability to map particles down the field lines from the point

of observation. Measurements of the complete pitch angle distribution

at the geomagnetic equator from 0 (along the field line) to 900

(perpendicular to the field line) with good angular resolution completely

defines the entire particle population on that field line at all altitudes.

4) The ability to sample all of the magnetic field lines as close to the

geomagnetic equator as possible since this will define the environment of

the entire radiation belts.

5) Nearly continuous temporal coverage over a period of several years

to provide statistically meaningful fluxes over the highly dynamic

variations experienced as a result of solar and geomagnetic storms and

substorms.

The CRRES orbit and the comprehensive measurements to be made by the ONR

307 instrumentation will enable us to satisfy all of the above requirements to a

high degree.

Under the Office of Naval Research contract, N00014-83-C-0476, the Lockheed

Space Sciences Laboratory has designed, developed and tested the EPIC

instruments, integrated them with the CRRES, and supported system level testing

of the integrated spacecraft. Due to delays in the launch of CRRES, all

instruments have been removed from the spacecraft and returned to Lockheed. The

EPIC instruments are currently undergoing minor modifications, testing, and

calibration activities prior to their re-integration with the spacecraft,

currently expected to occur in May 1989.

1I
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$ PROGRESS TO DATE

Progress to date under contract N00014-83-C-0476 has included the design,

development, and test of the ONR-307, EPIC payload. The instruments have been

integrated with CRRES and have completed system level testing activities.

Following these tests, the instruments were removed and returned to Lockheed

during cne spacecraft storage period.

The EPIC payload consists of four instruments of three different types.

The Spectrometer for Electrons and Protons (SEP), designated ONR-307-3, measures

electrons in the energy range 20 - 5000 keV and protons in the range 0.5 - 100

MeV. The energy ranges are covered with fine, programmable energy resolution.

Very good pitch angle resolution is provided by 3 degree FWHM collimation. In

order to obtain nearly complete pitch angle coverage over the CRRES orbit, the

instrument uses three identical particle telescopes, mounted at carefully

optimized angles to the spacecraft spin axis. Each telescope uses a stack of

surface-barrier silicon detectors with active anticoincidence shielding. Various

logic combinations of the detector elements determine the particle types and

energy ranges that are measured. The SEP instrument is based on the highly

successful SC-3 instrument developed for ONR and flown on SCATHA. The SC-3

instrument continues to operate after more than 9 years on orbit. Figure 1

shows the SEP instrument, consisting of the sensor package with three particle

telescopes, the analyzer package, and the interconnect cable. A more detailed

description of this instrument, its capabilities, and measurement goals is given

in Reference I and included as Appendix A.

The Low Energy Ion Mass Spectrometers (IMS-LO), designated ONR-307-8-1 and

ONR-307-8-2, are two identical instruments which measure ion composition in the

energy range E/q = 0.1 - 32 keV/e. The two instruments are mounted at different

angles to the spacecraft spin axis in order to optimize pitch angle sampling.

The IMS-LO instruments use crossed electric and magnetic field Wien filters,

jfollowed by 180 degree electrostatic analyzers and channeltron sensors to

determine ion energy/charge and mass/charge. Three parallel analyzers are used

within each instrument to cover different segments of the full energy range. The

instruments may be commanded to sweep through the full mass range, to

alternately lock on any four selected masses, or two alternate between the two

-
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modes. In addition to the ion measurements, IMS-LO uses magnetic analyzers to

measure the electron background fluxes at eight energy steps between 50 eV and

25 keV. The IMS-LO instruments are derived from the extremely productive

instruments developed for the Office of Naval Research for flight on S3-3 and

SCATHA. Like SC-3, the SCATHA ion mass spectrometer (SC-8) continues to operate

flawlessly at this time. Figure 2 shows one of the two IMS-LO instruments. The

three large circular openings are the entrance apertures to the ion collimators.

Four smaller cylindrical electron collimators are visible on the right.

The Medium Energy Ion Mass Spectrometer (IMS-HI), designated ONR-307-8-3,

measures ion composition in the energy range EM/q 2 = 20 - 8000 keV-AMU/e 2 . The

instrument is a novel design based on ion momentum separation in a magnetic

field. The ions are dispersed onto an array of six passively cooled silicon

solid state detectors. Energy and mass defect analysis are performed in

parallel processing electronics, allowing simultaneous measurements by each of

the detectors. The instrument can be operated in two basic modes, providing full

mass coverage every eight seconds or sampling of four selected ions every half

second. Figure 3 shows the IMS-PI instrument. The top part of the instrument

comprises the ion optics, detectors, and radiator surfaces (the square hole on

the left of the figure is the en rance aperture). The bottom portion is

processing electronics.

The measurement capabilities of the ONR-307 payload are summarized in Table 1.

TABLE 1: ONR-307 PAYLOAD SUMMARY

Instrument Measured Quantity Energy Sensor Angle to

Spacecraft Spin
Axis

ONR-307-3 Electrons 20 - 5000 keV 400, 600 800
SEP Protons 0.5 - 100 MeV

ONR-307-8-1,2 Ion Composition E/q = 0.1 - 32 keY 450, 750
IMS-LO Electrons 0.05 - 25 keV

2 2 oONR-307-8-3 Ion Composition EM/q = 20 - 800 keV-AMU/e 75

-7-
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II

Some of the specific tasks performed in support of the ONR-307 payload

development are described below. Descriptions of EPIC payload conformance with

spacecraft interface ilid Lesting requirements (e.g. thermal vacuum, vibration

and electromagnetic compatibility tests) have been provided in a series of

documents during the irstrument development phase. A summary of payload

compliance with requirements and references to the appropriate documents are

given in the Statement of Conformance for ONR-307 Payload, (LMSC/F067883), which

)is attached as Appendix D.

Thorough electrical, mechanical, thermal, and environmental specifications

have been developed and provided in support of assuring a satisfactory interface

with the spacecraft and successful operation of the integrated system. These

specifications are detailed in the Interface Control Documents (ICD): CRRES 227

and 228. Revision E of these two documents were p.Llished in September, 1987

and January, 1988 respectively. Compliance of the payload with the ICD is

documented in the ONR-307 ICD Compliance Summary (Ref. 2; included as part of

Appendix D).

Detailed procedural and functional descriptions of the of the ONR-307

payload and its operation have been provided in support of the development of

the Orbital Operations Handbook (OOH), (Ref. 3). A revised drart of the OOH is

in preparation and is expected to be released for review in summer, 1988.

Flight qualification testing of the ONR-307 payload was performed,

including pre-integration EMC, thermal vacuum, and random vibration tests. The

results of these tests have been documented in Test Data Packages (Refs. 4-6).

The tests were all successfully completed, with the exception of a resonance

that was discovered in the ONR-307-8-3 instrument during vibration tests. A

stiffer optics support shelf for the instrument has been designed and

manufactured to eliminate this problem and will be installed and retested prior

to re-integration of the instrument with the spacecraft. In addition to the

qualification testing described above, an extensive stress/fracture analysis was

performed to satisfy shuttle safety requirements (Ref. 7), and reports on

ONR-307 mass properties and safety/hazards were developed (Refs. 8, 9).

-
-8-
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The ONR-307 instruments were successfully integrated into CRRES and

ompleted system level testing. During spacecraft EMC tests, a problem in the

spacecraft grounding that was provided for ONR-307 was identified and corrected.

During thermal vacuum testing of the integrated spacecraft, the ONR-307-8-1,2

instruments each executed a single uncommanded transition to High Voltage Off.

Because of problems with the Ball Aerospace spacecraft test equipment, there was

no tape record of the spacecraft data during either of these occurrences. We

were not able to recreate the anomaly in further testing, nor was it ever been

observed during thermal vacuum testing of the instruments prior to delivery.

Although it seems likely that the transitions were associated with the problems

in the spacecraft test equipment, we will be carefully reviewing our design and

performing follow-up testing of these instruments.

Detailed calibration of the ONR-307-3 detectors was performed at Goddard

Space Flight Center (electrons - 25 to 1500 keV, protons - 230 to 1500 keV) and

the Harvard cyclotron (protons - 35 to 148 MeV). Details of the calibration are

included in Appendix E. Calibration of the ONR-307-8 instruments will be

performed in house, using our recently constructed ion calibration facility.

Detailed requirements for agency tape contents and format were provided to

AFGL, which is tasked with generating the CRRES agency tapes. Several follow-up

meetings have finalized these requirements and a Data Management Plan has been

developed by AFGL that satisfies the needs of ONR-307 (Ref. 10).

The Air Force Satellite Control Facility (SCF), which will be responsible

for commanding and monitoring of CRRES, is currently undergoing a data system

modernization (DSM). Although CRRES was originally scheduled to be supported by

the old system, launch delays have assured that it will be operated under DSM.

We have had several meetings with SCF personnel to specify our display

requirements and develop detailed formats for instrument checkout and real time

operations. A set of display modes for the old system has been developed which,

although satisfactory, do not provide all of the capabilities that are desired.

Because of the transition to DSM, a new set of displays will have to be

developed. This task will be completed during ongoing contacts with SCF

personnel.

9
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I The primary advisory group to the Space Test Program on matters concerning

the CRRES instruments has been the CRRES Experimenters Working Group (CEWG). We

have supported all of the CEWG meetings with the goal of assuring that ONR-307

objectives will be met by the CRRES program. The 21st CEWG meeting was held in

October, 1987. Following the restructuring of the CRRES mission, it became

- evident that the NASA and DoD participants would require a forum to resolve

issues associated with their simultaneous operations. A new working group, the

I Flight Operations Working Group (FOWG), was formed for this purpose. The first

FOWG meeting was held in May, 1988. In addition to the CEWG and FOWG meetings,

we have participated in a number of review meetings and special technical

meetings in support of the OMR-307 objectives.

I
I

I
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SUMMARY AND FUTURE ACTIVITIES

We have designed, manufactured, and tested the ONR-107 instrument package.

The instruments have been integrated with the CRRES spacecraft and tested with

the integrated system. Tasks remaining to bring the instruments to full flight

readiness consist of calibration activities, installation of a redesigned optics

support shelf in ONR-307-8-3, installation of flight detectors, and several

I minor mechanical and electrical tasks. We expect to deliver the instruments for

re-integration in May, 1989, with a CRESS launch anticipated in June, 1990.S I
t
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I SIL~IFI OBJEC;TIVES

TKie ONE -307 -2 Spectrometer for Electrons and Protons (SFP) mneasures %k i*tr

.. r:*ch -anze resolution *he flux of energ.e t;c electrons in the energrA ran ze o!

20-52,'j "-+-,%' and thr- flu-: o' energetic protons in the enerny range 50kv'C~V

Thle ONR-307 -3 SEP consists of three identical particle telescopes comnposec Of

surfn.c-barrier silicon detectors \%'h active anticoincidence shield-.nz and n--rrc.\

coll.:-ation (3' FIVIM). The enercv spoctra are meas',red %%itlt fine enerc,. r-o-

lut'ion: 24 contifguous channels for the electrons, and 48 contiguous channels for

proton~s. The three particle telescopes are mounted at optimum an:4es to the.,

CIMES spin axis to provide nearly complete pitch-ang-le coverage on each st race-

craft spill.SThle SEP is eone component of the ONR-307 Energetic Particles and Ion Com-po-

sition (EPIC) Experiment. Tile other EPIC instruments are the ONR-307-8 -1,

A- I
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ONR-307-8-2 Low Fnergy ton Ma.s Spectrometers that measure primarily the ion

composition between 0. 1 and 32 keV/q, I and the ONR-307-8-3 Medium Fnergy IonIMass Spectrometer that measures the ion composition between 20 and 8000keV-
22

A M U q2 .

The overall objective of the ONR-307-3 experiment is to obtain necessary data

to construct predictive models, suitable for engineeriog purposes, of the energetic

particle and plasma environment in those regions of space of primary interest to the

DOD satellite operations. The specific science objectives of this experiment are:

(1) To measure the intensity, energy spectra, and pitch angle distribution of

energetic electrons and protons continuously as a function of time. These meas-

urements ill characterize the dynamical behavior of the radiation belts.

(2) To compute ac- :rate!y the total omnidirectional flux at the satellite posi-

tion.

(3) To understand the physics of the sources, energization, transport, life-

times, and losses of energetic particles in the Earth's radiation belts.

(4) To understand the details of ',ave-particle interactions (WPI), both natu-

ra2 and manmade. that are a principal loss mechanism for radiation belt particles.

These WINP produce particle precipitation into the ionosphere that can disrupt

radio-wave communications of vital interest to the U.S. Navy.

(5) To utilize this experimental data base to greatly improve the accuracy of

the trapped radiation belt models and to characterize model particle precip'tation.

2. APPLICATION

he ONR-307-3 SEP Experiment will measure continuously the complete en-

erg) and angular distribution of the energetic electrons and protons. This meas-

urement of the complete distribution of the trapped energetic particle population

with fine angular resolution is necessary to:

(a) "Remote sense' the omnidirectional flux far away from the satellite orbit

plane by directly unfolding the measured in situ pitch angle distribution to derive

the pitch angle distribution at all lower altitudes. A measurement of the complete

pitch angle distribution at the CRRES satellite enables the experimenter, t ro-"h

adiabatic transformation of the particle bounce motion, to define the particle popu-

I. Quinn, J. M., Shelley, E.G., Battel, S.J., Hertzberg, E., Roselle, S., and
Saunders, T.C. (1985) The Low EnergZ Ion Mass Spectrometer
(ONR-307-8-l, ONR-307-8-2), AFGL-TR-85-0017 (this volume).

2. Voss, H.D., Shelley, E.G., Ghielmetti, A.G., Hertzberg, F., Battel, S.J.,
Appert, K.L., and Vondrak, R.R. (1985) The Medium Enerrvlon M-4ss
Spectrometer (IMS-HI) (ONR-307-8-3), AFGL-TR-85-0017 (this volume).
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lation on the field line below the satellite. Such measurements are absolutely es-

sential to the mapping of the radiation belts to all altitudes.

(b) Investigate the narrow "source/loss cone" regions of the pitch angle dis-

tribution that are the primary sources and the major sinks of radiation belt parti -

cles. The pitch angle diffusion of particles into the atmospheric loss cone is one

of the principal mechanisms for radiation belt depletion. Understanding the pitch

angle diffusion rates into the loss cone caused by natural and manmade aves is

central to modeling the dynamic behavior of the radiation belts.

The ONR-307-3 instrument can accomplish these objectives because it has

comprehensive pitch angle measurements with fine angular resolution (3 FVIWHM).

The arrangement of the three identical telescopes, combined with the spin of the

spacecraft, will provide nearly complete measurement of the particle distribution

function for all orientations of the spin axis to the magnetic field.

High temporal resolution measurements (0.25 sec) will enable the study of

s ource/loss cone transient mechanisms, substor-n injections, and L-shell sp itting.

A 12-channel energy spectrum is obtained every 0.25 sec. The pitch angle distri -

bution from 0 to 90* over 12 energy channels is obtained every 7. 5 sec at a spin

rate of 2 rpm. Complete angular distribution functions over the entire energy-

range for both electrons (24 energy channels) and protons (48 energy channeis) can

be obtained in about 3 min.

3. MEASLRI.,G TECINIQUES

The ONR-307-3 instrument is based heavily on the successful SC-3 spctro-

meter on the SCATHA mission and consists of a seines of solid-state partic.e soet-

trometers, each with four detector elements. The SC-3 instrument was described

in detatl by Reagan et a. 3 and by Stevens and Vampola.4 The configlaration of each

spectrometer is shown in Figure 26. Various logic ccmbtnations of the four dete c-

tor elements in the spectrometer determine the particle types and energy ranges

that are measured in several command-selectable, time-multiplexed modes of

operation.

The D-detector, 200-urn thick intrinsic SI, neasures both the rate of etc rzv

loss of the higher energy particles, and directlv stops and measures the lower en-

3. Reagan, J. B., Nightingale, R.W,., Gaines, E.F., Imhof, W.L., and Stassino-

poulos, E.G. (1081) Outer zone energetic electron spectral measurem.ents,)J. Spacecraft and Rockets 18:83-88.

4. Stevens, J.R., and Vampola, A.L. (1978) Description of the Space Test Pro-
gram P78-2 Spacecraft and Payloads, Space and Missile Systems Organiza-
tion. Air Porce Systems Command, TR-78-24.
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ergy particles. The F-detector, a stack of five 2-mm-thick detectors in parallel.

is located behind the D-detector to stop the higher energy particles and to measure

their total energy loss. The E'-detector, 1000 9m thick, is located behind tl:e

F-detector and is used as an active collimator. Behind the E'-detector is a tung-

sten absorber that sets the upper energy limit for analysis.

I 36.5S cm

CC', ET! C
D.E.E' ALUMI UM E ,T C

ISTACK~~~CETECTOR - F SiIELDING SILII

PLAS'IC A \ T El PcOMjLTIPLIRS C ; !,, I L L A T O R . A A S S BS E R / _ P 3 1 0 1 6 T I P I P H P ) rP

/ - SUPPLY

____ ___ __"_'_r'_ "HERET I -'LL f

I 15.2 c .

OI I N

Figure 25. Cross-Section View of the SCATHA SC-3 Energetic Electron/Proton
Spectrometer Showing the Various Sensor Elements and the Long Ccllirnatcr

All of these detectors are fabricated of surface-barrier silicon and are

stacked together in a telescope configuration. The entire stack is surrotunded by

the A-anticoincidence detector, a plastic scintillator viewed by a photomultiplier

tube. The A-detector senses and rejects energetic particles and brcmsstrahlurng
hat penetrate either the outer shielding wals of aluminum and tungsten or th.e si-

l.icon detector stack and absorber. The detector stack is located behind a long.

narrow collimator that defines the 30 angular field-of-view (FWH.M). The instru-
ment geometric factor is approximiatelv} 3 x 10 - 3 cm ' -ster.

Three spectrometers are oriented at angles of 800, 600 o and 400 to the CRRES

~spin axis. These three spectrometers comprise the ONB-307-3-1 Sensor Package

(SP) shown in Figure 27. The instrument analyzer electronics are mounted rear

the SB in the ONR-307-3-2 Analyzer Package (AP); both units are mounted on theI
I
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Figure 27. Mechanical Arrangement of the Three SEP Telescopes

bottorn of the spacecraft. The AP and SP are separated to achieve a lowver tm

pt ran*-cre in the silicon detectors for imlvdIoA. -ererjy electron deteotic.(n

4. Ft NCTION BLOCK DIAGRAM

A fcnction block diazram of the ONR -307-3 instrument is shoukn in Figcire 23.

The instrument operates from a CMOS memory, of 76838-bit words that are

cavaddressable and loadable via a 16 -bit se rial-dc.a command. T%% elvC' of

,hose words (32-bit control register for each of the three sensors) compl-'i>

5. Voss, H. D., Reagan, J. B. Imnhof, V. L., Murray, D. 0.. Simpson, D. A..
Cauffman, D. P., and Bakke, J.C. (1982a) Low% temperature characteristics
of solid state detectors for energetic X-ray, ion ariA electron spectrometc.-

IPEP Trans. Nucl. Scj. NS-29:164.
6. Voss, IT.D.. Bakke, J.C.. and Roselle, S. N. (1982b) A spacecraft multichan-

nel an.nlyzer for a muitidetector solkd state detector array, IEEE Trnrs.
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define one operating MODE of the instrument. A MODE is defined by specify-ing

the logic conditions (coincidence /anticoincidence), gain, and energy thresholds

required between the four detector elements (D, E, E', A) to uniquely establ:sh

a particle type and energy range for anal,'sis. A choice of tovo amplifier gain s-t-

tings for the D- and F-detectors is available. The lower a upper energy thresh-

oldJs selected for analysis by the 12-channel pulse eight analyzer (PHA) are de-

termined to 8- and 6-bit resolution, respectively. Either the D- or E-detector ig

selectable at any time for analysis by the PEA through the multiplexer. The en-

ergy threshold of the sensor not selected for analysis can be set to 8-bit resolution.

The operating modes can be structured to emphasize one particle type, such

as electrons, or all particle types; to concentrate on special events, such as solar

particle events; or to dwell on a narrow energy region of interest with any particle

type. The commandable options are extensive, but an optimum operating config-

uration will be loaded initially and adjusted as conditiors dictate. A hard-wired

backup MODE can be selected if a major failureoccurs in the memory operation.

The hard-wired backup MODE measures the higher energ electrons (300-5100keV)

and is independent of the memory. The instrument operates in this condi:ion a.;to-

Ma-t1ca1 '.%henever the memory is being loaded or disabled.

The operating modes will be selected as required to opt, mize data collection

in the inner and outer radiation belts. Tne basic progrzmmable mode parameters

are the eerT" range and energi channel \%idths for the electrons and for the prc -

t,'ns T'pical m!oes that may be used during the CERES mnss ar ar'shoa%%in

Table 1 .

le 13. er'tr ete" f' h-:.........n and Pr'otcns: T.nical Operat'nc " e

Speces Mode Energy Ranze Channel V idth

ELECI 2C-300 keV' 20 keY'

ELEC2 2-c-500 ke 4:1 xe'

P' e C::T PROT.b. - 4. 5 N Ie 330 U ,'

Pf1OI2 4. 5-20 5MeV 1.25 )eV

PROT3 20'-45 1eV 2.0 .eV

PtOT4 45-100 MeV 4.2 .VeV

!
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E. Hertzberg, S. Roselle, and T.C. Sanders

Lockheed Palo Alto Research Laboratory
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1. SCIENTIFIC OBJECTIVES

T'-. Loa.k Energy Ion Mass Spectrometer (7.IS-LO0) is designed to measure

as~eth-at are the sources of radia'.ion belt particles, and to provide data on the

uz,-:, and acceleration processes of these plasmas. To achieve these objectives,

the 1'ItS-LO mecasures energy and mass spectra covering 'he ranges of E/q

0. 1 - 32 k'eV/e and M\/q from <1 to >2Z A MUe 'aith good coverage of pitch angles

th-rough out the orbit.

Tho- se data %% il' be used to invest::ato plasma interaction processes includi::

(1) the. plasma and field conditions that prodice ionospheric acceleration, precipi-

tation of energetic particles fromn the trapped populations, and very -low frequency

(vlf) '.ave generation and amplification; (2) the local time and invariant latitude?

d~sriuzinsof ionospheric ion source regions; and (3) 'he large-scale and small-

scale transport and energization processes for the hot plasmnas.

B-I



A series of spacecraft instrumented to measure plasma composition has

Yielded im-npcrtant results from a wide variety of magneto spheric locations. One

of these was the S3-3 satellite, launiched in July 1976, that led to the discovery of
intense upflowing ionospheric ions at altitudes near 1R R and the determination of
the, morpl,.nlogy of these flowvs. Increase in the ionospheric component of trapped

keV ring current ions with storm activity was also established with these data.

The S3-3 results are reviewed by Sharp et al. 1

Following S3 -3, plasma composition measurements were made oti UrUs -1

launched in April 1977 into an eccentric equatorial orbit; 2ISEE-1, launched inIOctober 1977; 3.4GEOS-2, launched into geosynchronous orbit in July 1E-78;

PPOGNOZ-7, launched into a highly eccentric orbit with 650 inclination in October

1978; 5SCATHA, launched into a near -geosynchronous orbit in January 1979; 4, 6

DE-l1, launched into a polar eccentric orbit with apogee of 4. 6 R E in August 1931;

1. Sharo, P. D. , Chielmetti, A.G.., Johnson, P.C., and Shelley, E.G. (1'333a'
Hot plasma composition results from the S3-3 spacecraft, in Enereet.c I -I
C"Mcosition in the Earth's Magnetosphere. R.C. Johnson, Ed. , TE~fi,' "L F,
To kyo.

2.Balsicer, H. , Geiss, J. , and Young, D. T. (1983) The composition of the-rmal
and hot ions observed by the GEOS-1 and -2 spacecraft, in Energetic lcn
Com:oosition in the Ear.th's Magnetosphere, R.CG. Johnson, Ed, . TERRA PUB,

ToKVo.

3. Shlarp, P. D. , Johnson, P.CG., Lennartsson, %V. , Peterson, W. K. , and She -
ley, E.G. (198Th) Hot piasma composition results from the ISEE-l space-
craft, in Energetic Ion Comoosition in the Earth's Magnetosphere, P.C.
Johnson, Ed. , TERRAPUB. Tokyo.

4.Horow itz, J. L. , Chappell, C. R. , Reasoner, D. L. , Craven, P. D. , Green,
J. L. , and Baugher, C. P. (1983) Observations of low-energy plasma compo-
sition from the ISEE- I and SCATHA satellites, in Energetic Ion Compoosition
in the Earth's 'Magnetosphere, R.C. Johnson, Ed., TERPAPUB, Tokyo.

5. Lundin, P. . Hultqvist, B. , Pissareniko, N. . and Zachorov, A. (1983) Compo-
sition of hot magnetospheric plasma as observed with the PPOGNOZ-7 satel-
lite, in Energetic ton Comoosition in the Earth's Magnetosznh-ere, P.C.
Johnson, Ed.-, TERRA PLB. Tokyo.

6. Johnson, P. C. . Strangeway. R. J. , Shellev, E. G. , Quinn, J. M. , and I~a 've,

S. M. (1983) Hot plasma composition results from the SCATHA spacecraft.
in Energetic Ion Composition in the Earth's Magnetosphere. P.C. Johnson.
Ed. , TEHHAPUB, T~okyo.

7. Shelley, E.G. , Balsiger. H. , Eberhardt, P. , Geiss, J. , Chielmetti, A.,I John--on, P.C., Peterson. W. K. , Sharp, P. D. , Whalen, B.A., and Young,
D. T. (1983) Initial hnt plasma composition results from the Dynamics Ex-
plorer, in Energetic Ion Composition in the Earth's Magnetosphere, P.C.
Johnson, Ed. * TEPHA UB, Tokyo.

B- 2



and AMPTE/CCE, launched into an eccentric low latitude (- 5) orbit with apogee

of 8. 8RE in August 1984.8

The contributions of these instruments are too numerous to list here; how-

ever, the plasma composition of a large number of magnetospheric regions has

now been examined. The data show intricate dependences on local time, radial

distance, pitch angle, energy, magnetic storm and substorm activity, and solar

cycle. Sufficient information about the plasma morphology and dynamics have

been obtained to make an excellent starting point for the modeling goals of CRRES.

Determining the behavior of different ion species in the energy range covered

uy the iMS-LO L;.,truront ir cr;ti-al to 1h- developme,,t of ditailed ring current

models. A thorough understanding of ring current dynamics will require detailed

knowledge of the particle source contributions, transport phenomena, energization

processes, and, finally, scattering and loss mechanisms. Although initial at-

tempts to model ring current dynamics cannot await such a comprehensive under-

standing, the basic components of source, transport, and loss must be repre-

sented as accurately as possible. Ion composition data are essential for deter-

mining total ion energy density (ring current) and they provide a necessary link in

modeling the life of ring current ions.

3. MEASURING TECHNIQUES

The IMS-LO-1 and 1.1-LO-2 instru..-ents rely upon the same design that was

j successfully implemented with previous Lockheed instruments on SCA I'PA

(launched January 1979) and S3-3 (lauoched Juy 1976). Each version of tae-

strument has had improved range of coverage, resolution and operating flex::-ii;.

D.S-LO-1 and IMS-LO-2 are identical instruments mounted at 45- and 75Y to

the spacecraft spin axis to maximize coverage of fluxes near the magnelic field

iine direction. Each instrument performs ion composi-oi, m easurementz in the

enerv :,r chargz range 0. 1-32 keV/e and the mass per charge range <I to >32

.A'TI-'e. The energy range is broken into three contiguous parts, each consistlnZ

of 15 energy steps, a coverige of 45 energy steps in all. The three portions ef

the energy coverage are sampled in paraliel I-:.- three separate analyzer ani sn-

sor heads. After each 15-step sequence, the background counting rate is nmeas-

ured for each sensor head. The mass range (<1 to >32 A MU/e) is coverec :y

32 steps. ? lternatively, the spectrometer can be commanded to sample the high

,nass range above 16 AMU/e. In addition to ion measurements, each of the two

8. Shelley, E.G. , Ghielmetti, A. , Hertzberg, E. , Battel, S. J. , Altwegg-Von
Burg, K. , and Paisiger, H. (19S4) AMPTE/CCE hot plasma compositton

experiment (IIPCE), submitted to IEEL Trans. Remote Sensinn.
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instruments monitors the background electron flux at four fixed energies. The
electron channels are described in Section 3. 1.

Each of the IMS-LO instruments consists of three parallel analyzer units (or
heads) which measure ions in a different portion of the E/q range from 0. 1-

32 keV!e. One of the analyzer heads is illustrated in Figure 45. Collimated ions

enter a crossed electric and magnetic field velocity filter (Wein Filter), pass
through an angle-focusing, hemispherical sector, electrostatic analyzer, and are

A "~~otectcd by a chai-ncl el octr:c mu-ltirlicr. Details ')f 0,(- nntiC7 qvqtpr fnll'v..
Ions enter the instrument through a collimator with an acceptance cone of .-p-

proximately 5' full width. Following collimation, the ions enter the crossed elec-

tric and magnetic field velocity filter, which, in conjunction with the electrostatic

energy analysis, acts as the mass analyzer (MA). The MA consists of a fLxed

magnetic field and a crossed electric field that is varied according to the value of

E/q and M/q being sampled. The fields are oriented so that the electric and mag-

netic forces on an ion are in opposition, and the electric field is chosen so that

there is no net force on an ion of the desired mass and energy, allowing it to pass

through the MA in a straight trajectory. The IA magnetic field values in the

three heads are nominally fLxed at 445, 1211, and 3304G. The electric field

plates of the MA are driven symmetrically and the voltages for a given mass se-

lection scale as the square root of the ion energy as determined by the voltage

applied to the electrostatic analyzer (EA) discussed later in this section. The

maximum MA plate potentials in the three heads, corresponding to the minimm

v-lue of M Iq and the maximum value of E/q sampled within each head, are nomi-

nallyz35, ± 253, and ± 1850 V for the normal mass range and a factor of four lover

for the heavy ion mode. The three heads are driven by a common high voltage

power supply and voltage divider network that provides the different ranges re-

quired.

Following the velocity filter, ions are bent 180' in a spherical sector EA hat

is angle focusing and energy dispersive. As with tha M7A, the EA plates in the

three heads are driven by a common power supply and voltage divider netvo:.

The ratio between consecutive values of the logarithmically spaced energy steps is

approximately 1. 14, and there are 15 energy steps within each head. Thus, the

values of E/q simultaneously sampled by the three heads are spaced by a factor of

approximately seven, with the first head covering from 0. 1-0. 6keV/e, the second

from 0.7 -4.5 keV/e, and the third from 5 -32 keV/e. The EA plate separation in

the high energy head is reduced from that of the other two heads to achieve the de-

sired energy range without excessively high voltages. After exiting the EA, ions

are post-accelerated and enter the channel electron multiplier.

B-4
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Figure 46 shows peak shapes obtained from the Lockheed mass spectrometer

on S3-3. The open circles with error bars are on-orbit data; the dashed line re-

presents inferred peak shapes. Separation of the species is quite good.

The coordinated stepping of the EA and MA is done under digital control in a

number of modes as described in Section 3. 2. Each sample of a particular mass-

energy value requires 64 ms. A 12 -ms deadtime at the beginning of each sampling

period ensures complete settling of the analyzer power supplies.

Each of the three heads measures background counts in "Energy Step 0,' an

additional step to the 15 energy steps described above. The background measure-

ment is performed by disabling the MA power supply and setting the EA power

supply te step 4. Ai the MA power supply decays toward zero, the analyzers pass

continually higher masses. Foilowing the 12-ms deadtime, the background chan-

nel is sampling M/q values well above the ambient ion mass peaks and measures

WEIN FILTER MASS RESOLUTION AT EIQ -650 V

+ 4 + 4++ +
16. He 4 He H

]00

80 K
z I I

I I

~60 1-l_ I

(- " 1 I I-

zI I
o oI I
SI t

1 I I
II I40

0 0
I t

8 16 24 32

MASS CHANNEL

Figure 46. Mass Peak Shapes for the Wein Filter Spectrometer
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the instrument background response only. The instrument geometric factors are

approximately 4 x 10 -4 cm 2-ster for the two low energy heads and about one-half

this value for the high energy head. AE/E is approximately 10 percent.

3.2 Ope.rating Modes'

The two basic submodes of operation are SWEEP and LOCK. In LOCK mode,

the instrument locks onto a particular M/q value while stepping in energy. Each

of the 15 energy values and background are sampled for 64 ms in each of the three

heads, giving a 45-point energy spectrum for a particular species in 1.024 sec-

onds (approximately 12° of spacecraft rotation). The LOCK submode obtains 32

consecutive energy spectra at a fixed mass value (approximately one spacecraft

rotation) before moving into the next submode.

In SWEEP submode. the instrument sequentially "sweeps" through the 32-step

mass range at each of the 15 energy steps and background. A mass sweep at one

energy step requires 2. 4 seconds. The entire 32. 768-second SWEEP submode

obtains a complete sampling of the 32 by 48 mass-energy array (32 by 16 in each

of the three heads). As in the LOCK submode, 3 of the 48 energy points are actu-

ally background measurements (1 in each head).

The duration of each of the submodes is 32. 768 seconds, approximately one

spacecraft spin. The submodes may be combined to form the three basic modes

of operation: LOCK-ONLY, SWEEP-ONLY, and SWEEP-LOCK. As Lhe names

impl', LOCK-ONLY consists only of LOCK submodes, SWEEP-ONLY of SWEEP

submodes, and SWEEP-LOCK alternates between SWEEP and LOCK. In either

the LOCK-ONLY or SWEEP-LOCK modes, the mass channels used for the LOCK

suomode are sequentially executed from fcur values commanded into tie ins:ru-

men: memcry. These values may" select any 4 of the 32 M, q steps correzcrndin-

to any four ion species, for instance, H-, He-, He--, 0-, or H-, 0-, H-, 0-; or

0-, 0-, 0-, O. 1IS1-LO-l and I.S-LO-2 are commanded independently so tha:

the t,-o instruments can operate in different modes sinultaneouslv.

in addition to the normal range of mass coverage, the instrument car. te com-

;andod into a Heavy Ion .Mode. In this mode, the MA voltages are redu- -v a

o of 4, scaling the M!q coverage upard by a factor of 16.

3.3 ' hviron ),l'cit r,

Each of the IMS-LO instruments contains a set of four broadband, fLxed-ener:v

electron detectors that monitor electron fluxes between 50 eV and 25 keV. The

AE/E for each detector is 50 percent and the central energies of the four electron

channels on IMS-LO-1 and IMS-LO-2 are interleaved, providing a total of eiiht

I
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channels with central energies from 0.067 to 20keV. The electron detectors

accumulate for 512 ms, providing samples approximately every 6* of spacecraft

spin.

Figure 47 schematically illustrates the electron optics for one of the eight

detectors. Entering electrons are collimated to a 50 acceptance cone and pass

through an aperture that sets the geometric factor. The electrons are then bent

I -_COLLI ATOR

!RADIATION

I I -SHIELDING

~I I 111MM CEM
+~ VOLT ,j--10 VOLT SECONDARYI1ORELLER ELECTRON REPELLER

/ TRAJECTOR IES

TANTIMSCATTER STOPS

ULTRAVIOLET LIGHT DUMP

MAGNETIC ELECTRON SPECTROMETER

Figure 47. Schematic Illustration of the Electron Detector for the Low Energy
Ion Mass Spectrometer (IMS-LO)
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1800 in a magnetic analyzer and pass through an exit aperture that sets AE/E be-

fore entering the channeltron sensor.

4. FUNCrlON BLOCK DIAGRAM

The block diagram shown in Figure 48 illustrates the flow of data through the

instrument. Counts from the prearnp/discriminators increment 15-bit accumula-

tors. Data from the accumulators are read into buffers every 64 ms for ions and

every 512 ms for electrons. These data are then log compressed into 8 bits and

are sequentially fed into the data stream.

The discriminator threshold for each sensor is set by command to one of four

values. A special calibration cycle may be commanded that sequentially steps

through the four thresholds while remaining locked on a selected mass step. In

addition, the calibration command may optionally enable a pulser that checks each

preamp/discrirninator and accunulator by injecting pulses at a fixed rate.

The channel electron multiplier bias is command selectable to one of four va-

lues to compensate for possible channel multiplier gain degradation. The gain of

each channel electron multiplier is periodically determined via the calibration

cycle described above.
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e~nermont(HE1CE ), submitted to 1ILEL Trans. RemoteSosn
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1. SCIENTIFIC OIIJECTIN ES

T".e primary objective of the ONR -3037 instrumnern comnplemnent is to obtain tr.e

necesz-ary data to construct models of the energetic pa~ceand plasma environ-

men:* o- Fh arth's radiation belts. The Mledi-m Ener:-Io Mass Spectromte:

I7rn0 easures both the ene rgetic ion composition. enero'-% spec*.ra and pit~h

'.sr~iten, nd '!he energe tic neutral Particle ener; zv spec~ra andnt

ad distrbutions, with good miasS, temporal, spa'ia'. and enervy resolution.

Tde 1'\T-HlI is located at an angle of 7Y~ to the spin axis to m-aximize pitch ne

aut.Thle ion energyv range is approximatelv 20 to 8000 keV'-A.%MU/q.

The INIS-HI extends the energy range of ion compaSition measureme(nts ..

abovc t:n"-t of the traditional IMS -LO instruments, whic- are also part of the

ONR!' -SOT, Experim-ent. The principle of the IS--I1 is based on ion mromnentumn s>-

a raiton in a imagnetic field followed by energ - and mass defect analysis using gnn

at-iy of coolod silicon solid state sensors. The technique of cooling solid st-ite
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detectors for high resolution ( < 2 keV FWHM) energetic ion measurements in

spacecraft instruments was reviewed by Voss et al and was successfully demon-

strated in the Stimulated Emission of Energetic Particles (SEEP) experiment on
9

the S31-1 satellite. 2 The IIS-HI features a parallel architecture w'_h simultane-

ous mass and energy analysis at relatively high sensitivity.

2. APPLICATIONS

One of the key unknowns of the radiation belt models is the medium energy
3

(30 < E < 600 keV) ion composition of the Earth's ring current. The reason is

that the major part of the ring current plasma falls in the gap between measure-

ments of ion composition by traditional electrostatic and magnetic deflection ss-

tems (E < -30 ) and measurements by differential energy loss and total energy

deposition in soihu state detector instruments (E > - 600 keV). The IMS-HI incor-

porates elements of these two traditional techniques to measure directly this im-

portant energy'mass range that is not accessible by application of either tradi-

tional technique independently.

A knowledge of the ring current ion composition is important from a geophy-

sical standpoint and for obtaining an accurate radiation belt model to correctly

predict electronic component and material irradiation effects. It is known, for

example, that the irradiation effects on materials such as thermal control sur-

faces on long-lived satellites is strongly dependent on the mass of the impinging

ions. This is particularly important at geos.,,chronous altitudes.

Lyons and Evans, 4 Spieldvik and Fritz,5 and Tinslev 6 have demonstrated the

1. Vess, H.D., Reagan, J.B., Imhof, XV.L. .Murrav, D.O.. Simpson, D.A.,
Cauffman, D.P., and Bakke, J.C. (1982) Low temperature characteristics
of solid state detectors for energetic x-ray, ion and electron spectrometers,
IEEE Trans. Nucl. Sci. 29:164.

2. .nhof, W. L., Reagan, J.B., Voss, H.D., Gaines, E. E., Datlo,,e, D.\V.,
7\obilia, J. , Helliwell, R. A. , Inan, L.S. , Katsufrakis, J. , and Joiner,
H.G. (1983) The modulated precipitation of radiation belt electrons by co'-
trolled signals from VLF transmitters, Geophys. Res. Lett. 10:8, 615.

. is, D.J. (1979) Ring current composition and sources, in Uvnam.cs of
the Magnetosphere, S. I. Akasofu, Ed. , D. Reidel, Dordrecht, Holland,
pp. 407-424.

4. [.yons, I..R., and Evans, D.S. (1976)The inconsistency between proton charge
exchange and the observed ring current decay, J. Geonhvs. Res. 81:6197.

p. Saeldvik, XV.N., and Fritz, T.A. (1978) Energetic ionized helium in the quiet
::.,e radiation belts: Theory and comparison with observations, J. Geonhvs.
R,--. 83:654.

6. Tw.slev, B.A. (1978) Effects of charge exchange involving IH and H_ in the up-
per atmosphere, Planet. Space Sci. 26:847.
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importance of including ions and neutrals other than protons to explain the decayTrates observed in the ring current recovery phase. The ions of the ring current,
by charge exchange with thermal hydrogen atoms, become neutrals and can thus

escape from the Earth's environment. This is a significant loss process of the

ring current medium energy ions. 6 A relatively small percentage of these ions
are directed toward the Earth, where they ionize the low latitude atmosphere.

These can be used as tracers of the ring current composition.

Low altitude satellite measurements of energetic ions associated with the ring
current have been reported by Moritz 7 and Mizera and Blake; 8 helium emissions

have been measured by Meier and Weller. 9 Rocket measurements of helium and

hydrogen at the equator during the ring current recovery phase were reported by

Voss and Smith. 1Measuring the ring current energetic neutrals over the regions

of space covered by the CRRES orbit will provide additional information on the

ring current decay rates, spatial geometry, and temporal changes weighted by the

appropriate cross sections and neutral hydrogen density. Both the direct medium

energy ion composition and the indirect neutral atom tracers can be analyzed with

the IMS-HI Spectrometer.

3. MEASURING TECHNIQUES

The IMIS-HI is based on ion momentum separation in a magnetic field fc'llcxed

by energy and mass defect analysis using an array of cooled silicon solid state

sensors as shown in Figure 49. The entrance collimator defines the ion beam an-

gular resoluticn using a series of rectangular baffles and includes a broom n -.ane'

to reject electrons with energy less than 1 MeV.

.A, the collimator exit, an annular solid state detector with a central hole

measures the integral ion and neutral energy spectrum of the beam supplied to the

m-fnet tor momentum analysis. A 7-kG magnetic field then disperses the colli-

ions onto a set of six passively cooled (-50*C) silicon surface barrier de-

tect-rs. The energy range, whicn varies \ith ion species, is approxiratCv

7. Mortiz, T. (1972) Energetic protons a: lo% eq atcrial aitituces: \ hey.iv Ais-
covered radiltion belt phenomenon and its explanation, J. Geonhv.%s. ReS.
38:701.

IS. 7izera, P. F. , and Blake, J. B. (1973) Observations of ring current protons
at low altitudes, J. Georhvs. Res. 2S:1058.

9. Moier, P.R. , and Weller, C.S. (1975) Observations of equatorial EUV bands:
Evidence for low-altitude precipitation of ring current helium. J. Geophvs.
Rs. 80:2813.

10. \oss, 11.D., and Snith. L.G. (1980) Pocket observations of energeio ions i,
the nighttime equatorial precipitation zone, Space Res. 20:149.
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........ ~.. - c ctcion consists c. a yoke, pole pieces, and a rare earth per- -

ren- magnet,. Tr) produce a homogeneous magnetic 'field of about 7000 G in the

c-mmcaranJ : mimize weight1, the best commercially available magnetic mate-
r~al (,Sm.Co3 with 25 MIGOe eniergy product) is used. The Yoke comp letely sur-
rcu-tn s t.e mcg -netic field, permi::n g one to reduce the magnetic resistivitY in, tne

return flux section and to minimize the maLnetic stray fields. Shape and d~rmen-
sions- are optim-ized to save weight and to assure a uniform magnetic induction an- _
where within the yoke. The resultant complex shape necessitates the use cf 'u
mer~cni mnachining mnethods to meet the \%Ye~zct requirement and design goal 0.
< -100 nT magnetic stray field at a distance of I meter. A yoke material Qiyper-
co 50) that possesses relatively high permeability (2-000-4000) at high induction
levels (20'KG) w as chosen. The design weight of the 7-,KG flight magnet assenthlv

is aLhcut 5. 7 kilogramis.

11. Forcinal, G. , Siffert, P. , and Cache, A. (1962) Pulse height defects due to
nuclear collisions measured with thin window silicon surface barrier detec-
tar, ILE Trans. Nucl. 5ci. (NS-15):475.
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4-. FUNCTION BLOCK DIAGRAM

A function block diagram of the IMS-HI is shown in Figure 51. Variable pulse

height signals from the ion sensors are each routed for analysis to a peak detector

circuit and analog multiplexer. Each peak detector circuit is allowed to track and

hold the highest peak value for input pulses below the programmable threshold, VT ,

and to hold and stop sampling for input pulses above VT. The sample interval for

each detector is 45 usec. The read and reset of each peak detector circuit is con-

trolled by the master clock strobes so that a continuous and sequential scan is

made of each detector.

Simultaneous with the reset command, the 256-channel analog-to-digital ccn-

verter is activated, and the resulting digital pulse height (8 bits) is placed on the

address bus of the -nergy look-up table. Also placed on the address bus of the

RAM are the 3 bits that specify which detector is being processed. The content of

this memory cell (16 bits) is read into the accumulator, incremented by one, and

then read back into the memory cell. An address counter is then used to sequen-

tially step through the entire RAM for tele:netrv readout. A data compressor

packs the 16-bit sum into an 8-b:t byte for ser-al interface with tihe s

telemetrv.

The two basic mojes of instrunnent operaticn are Mass Lock and :1ass S an.

In the Mass Scan mod, each of the seven solid state sensors is pulse h-:2t an7al-

zod into 256 levols of which 64 intervals are accumulated in memory a r.-:

every eiglt seconds. This mode is ,sed to scan all mass peaks w~th'n t -e , it

to:,c sensor r(,lntv,,e lo the background cnnttnuum. In the Mass Lock m c.de, ,ich cf

t:e se en s.,w s tate sensors ,s p :ulse heig!-t an-a1';ed ,nto 256 levels. -f... ..

:ntervals (typicall., four ions) are accumulated in memory and read n' v

second. This mode is used for m:aking rapid spectral snapshots of ;cu r tons -s a

ft:nction of p,tc:, anle. Baseline operation of the instrument ,ill be a

(2. -768 s,,-) bet.,.en the .Mass Lock moce and the Mass Scan mode.
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15 JULY 1986

STATEMENT OF CONFORMANCE
FOR ONR-307 PAYLOAD

Contract: N00014-83-C-C'+76

BASD/CRRES ICD: CRRES-227
CRRES-228

This certifies that the following listed contract end items have been
fabricated, inspected, calibrated, tested and documented, as indicated herein,
in accordance with applicable contractual documents. Results of prescribed
tests and inspections indicate conformance to all contract requirements,
except as otherwise indicated.

DELIVERABLES

Item i - ONR-307 Flight Hardware:

a. ONR-307-3-1 SEP Sensor Package
b. O;R-307-3-2 SEP Analyzer Package

c. ONR-307-8-1 IMS-LOI
d. ONR-307-8-2 IMS-L02
e. ONR-307-8-3 IMS-HI
f. SEP-IH Interconnect Harness (PN11860-1O1;SN-O1)

g. 3 ea. Arc Suppression Assembly (PN12785-101;SN-02,03,04)

Item 2 - Acceptance Data Package consisting of the following items:

a. ICD Compliance Summary (LXSC/F067868A).
b. Acceptance Test Plan (Redlined) (LMSC/F067866).
c. Electromagnetic Compatibility Test Data Package (LMSC/F067882).
d. Thermal-Vacuum Test Data Package (LMSC/F067877).
e. Random Vibration Test Data Package (LMSC/F067878).
f. Mlass Properties Data Package (LMSC/F067879).
g. Stress/Fracture Analysis (LMSC/F018849).
h. Safety/Hazard Analysis (L'SC/F067881).
i. Flight Configuration Power Estimates
j. Redlined Mechanical Drawings Showing "As-Built" Configuration

Instrument Package Drawing Number/Rev

ONR-307-3-1 11503/F
ONR-307-3-2 11404/G

ONR-307-8-1 11405/F

ONR-307-8-2 11405/F
ONR-307-8-3 11759/F
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k. Mechanical Configuration Drawings Idenifying Part Numb--r and Locations
of Redtag and Greentag items

Instrument 2ackage Drawing Number/Rev

ONR-307-3-1 11780/A
ONR-307-3-2 11768/A
ONR-307-8-1 11778/A
ONR-307-8-2 11778/A
ONR-307-8-3 11760/D

A compliance summary, which identifies waivers and deviations is attached
as Appendix-A of this document.

The following requested data are not included as part of this A:ceptance
Data Package for the reasons specified:

a. Acoustic - Testing to be performed at spacecraft level only.

b. Functional/Calibration - Data other than those required for formal
acceptance test testing are contained in logbooks which are
proprietary to LMSC. All test data are available to government

representatives for on-site inspection. Monitor calibration data is
in preparation and will be submitted at the time of instrument
delivery.

c. Shock - Testing to be performed at the spacecraft level only.

d. Magnetic Field Report - Testing to be performed by BASD.

e. Radioactive Scan Report - Flight detectors for the ONR-307-3-1

package which contain radioactive sources, are not installed for
initial delivery. Therefore, a radioactive scan was not performed.

f. Special Handling Requirements Update - No special handling
requirements are required besides those specified in the ICD or

previously provided.

g. GSE Documentation - No GSE equipment will be interfaced to the
ONR-307 Payload when it is on the CRRES Satellite.

Certified By: hs4
S. J. Barrel

ONR-307 Program Manager
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L'ISC /F267883

COPLIANCE SUMMARY

The following general requirement areas have been reviewed ai.d are certified
as being compliant unless otherwise noted. Any noted non-compliances, along
with either the reason(s) for non-compliance or the corrective action(s) that
were/will be taken, are described on the following pages. For a detailed
review of ICD compliance see the ONR-307 ICD Compliance Summary
(LMSC/FO67868A) which has been provided as part of the Acceptance Data Package.

REQUIREMENT COMPLIA.NT (Yes/No)

1. Safety and reliability Y

2. Physical interfaces

a. Mechanical N (Note I)

b. Electrical N (Note 2)

c. Mechanical GSE Y

d. Electrical GSE Y

3. Environmental interfaces

a. Structural Y

b. Thermal Y (Note 3)

c. Mass properties Y

d. Magnetic fields Y (Note 4)

e. Temperature N (Note 5)

f. Humidity Y

g. Cleanliness Y

h. Dynamic (shock/vibration/acoustic) N (Note 6)

4. Functional interfaces

a. Power Y (Note 7)

b. EMC Y (Note 8'

c. Commanding Y

d. Telemetry y

e. Isolation N (Note 9)

D-3



LMSC/ F667883

NOTES ON COMPLIANCE

1. Supplied "As-Built" mechanical configuration drawings accurately represent
existing instrument design. The existing configuration differs slightly
from ICD drawings. BASD is aware of these variances and has prepared a
PIRN which documents them.

A test non-conformance (See NCR-i included in ONR-307 Random Vibration
Test Report-LMSC/F067878) has been identified for the ONR-307-8-3
instrument which will require a design modification. The plan for this
modification has been documented in a letter to STP (S. Battel to Maj.
Trever, 3 July 1986) which is included herein as Appendix-B.

2. Some minor variances to the electrical interface exist with BASD
cognizance. These items are identified and discussed in the ONR-307 ICD
Compliance Summary -LMSC/F067868. BASD has prepared a PIRN for all items.

3. A final thermal model update for the ONR-307-8-3 instrument is in process.
This update is being performed with BASD cognizance and will be provided
before instrument delivery.

4. Magnetic field measurements will be performed by BASD. It is estimated
that the ONR-307-3 and ONR-307-8-3 will have a residual magnetic field of
< iOO 0 and 1OOY to 180Y respectively. These estimates have been
previously reported to STP.

5. The ONR-307-8-3 instrument sensor assembly has a cold survival and
acceptable temperature limit of -90 C and -70 0 C respectively. Due to
laboratory equipment limitations, it has not been possible to cycle the
sensor temperature below -80 0 C. Therefore -80 0 C should be considered the
new cold survival temperature limit. To exceed this lower temperature
limit will change the sensor magnetic field strength and result in a
change in instrument calibration.

6. As discussed in Note 1, a test non-conrormance occurred on the ONR-307-8-
instrument which will require a design modification before random
vibration qualification can be completed. Shock and acoustic testing is
to be performed at the spacecraft level only.

7. The ONR-307 instruments use substantially less power than their present
allocation. This is the result of a commitment made by the ONR-307
program to reduce power and, in doing so, eliminate the need for duty
cycling during extended shadow periods on-orbit. The expected flight
power numbers are provided in the acceptance data package and have been
provided to BASD as a PIRN.
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8. The ONR-307-3 instrument is composed of two packages one of which, the

0NR-307-3-l, is isolated from the Spacecraft in the flight configuration.

During electrostatic discharge (ESD) testing in this configuration it was
noted direct discharges to the ONR-307-3-1 package of potential greater
than a few kilovolts (kv) induced instrument upsets. These upsets did not

prove harmful but would require the execution of ground commands before

useful data taking could resume if such upsets occurred on-orbit.

At voltages above 8 kv a latchup condition was noted on 1 of approximately
20 occasions of when an arc was drawn to the instrument enclosure. This
latchup condition could not be reproduced on further testing and,
therefore, could not be investigated in detail. It did not, however,

appear to not be serious in that the power rise was not great and the
instrument returned to a normal operating condition following a power

ON/OFF cycle.

Following these observations, a telephone-discussion was held with H. Koon

concerning ESD test thresholds and instrument safety. He indicated that
he had recommended only a radiated ESD test be performed on CRRES

instruments and felt that a direct discharge was a useful sensitivity test
but probably not necessary. Therefore, it was agreed that the test

requirements would be modified such that instead of a 10 kv discharge,
a discharge of increasingly high level (up to a maximum of 10 kv) would be
applied to measure instrument ESD sensitivity. The maximum direct voltage

applied would be limited to that which resulted in "safe" upsets and would
not damage the instrument. The radiated ESD setting would remain 10 kv

for all tests. The remaining instruments, when tested, proved not

susceptible to either radiated or direct ESD.

9. Measurements between instrument chassis, signal return and power return
consistantly show capacitance readings of approximately 0.13af for each

case. This value exceeds the 0.14f value specified in the ICD. A waiver
is requested to allow this slightly large value. The alternative would be
to disassemble the instruments and replace the present .lgf capacitors

with lower values.
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ONR 307-3 CALIBRATIONS

The SEP sensor heads of the ONR 307-3 experiment were calibrated using

electron and proton beams from accelerators at Goddard Space Flight Center and

Harvard University in the time period from 7 April to 19 April, 1986.

Two accelerators were used at GSFC, a low energy electron machine with

maximum energy of 150 keV and a Van de Graaf accelerator with maximum energies

for electrons and protons of 1.5 MeV. For all of these runs, the sensors were

in vacuum. All runs were at nominal room temperatures between about 18 C and

250C.

High energy proton calibrations were done at the Harvard Cyclotron

Laboratory. The cyclotron beam energy of 159 MeV is reduced by the use of

absorbers yielding a beam energy spread of less than 5 MeV at energies greater

than about 90 MeV. Below 90 MeV, this energy spread increases to about 15 MeV

at 35 MeV. The sensors were in air for these runs.

The sensor heads include the flight detectors, preamplifiers and shaping

amplifiers. The gains of these systems were measured with a Canberra Model 40

multichannel pulse height analyzer controlled by a microcomputer and other GSE

as shown in Figure 1.

The initial runs at GSFC were energy calibrations with low energy

electrons. Each sensor was exposed to nominal energies of 25, 30, 40, 60, 100

and 150 keV.

The beam rate from the low energy electron accelerator was kept between

1000 counts/s and 6000 counts/s, the variability being due to retuning the beam

with a change in energy. For any given run, the beam rate was stable to about

25 percent. The results of these runs are shown in Figure 2.!
The sensors were then individually installed in the Van de Graaf vacuum

chamber. Hoad #I was run first and was initially exposed to 147 keV electrons

at a series of angular steps 0.2 to 0.3 degrees apart in order to determine the

beam-collimator alignment and at the same time to measure the angular response

I



of the collimator. Figure 3. shows the angular definition of the Head "I

collimator to a collimated beam of low energy electrons. Then, at the center

angle, electron energy calibrations were taken at 192, 248 and 295 keV in the

DE/DX detector. High energy electron runs were made at 292, -., 384, 474, 970,

and 1464 keV in the E detector. The electron beam flux from the Van de Graaf

varied from 1200 counts/s to 2500 counts/s run to run. Head #2 was installed

next and exposed to 150, 198, 248 and 297 keV electrons for the D/DX

calibration, and 296, 345, 394, 493, 1005 and 1487 keV electrons for the K

detector. Head #3 was then calibrated with 150, 200, 248 and 300 keV electrons

for the DE/DX detector and 299, 346, 395, 498, 1006 and 1490 keV electrons for

the E detector. The Van de Graaf was then configured to accelerate protons and

Head #3 was exposed to 494, 700, 1012, 1231 and 1500 keV protons. Head #2 was

reinstalled and calibrated with 500, 698, 1008, 1204 and 1498 keV protons.

Finally, Head #1 was calibrated with protons of 501, 700, 1004, 1210 and 1507

keV, completing the low energy particle runs at GSFC. The results of these

calibrations are shown in Figures 4 and 5.

At the Harvard Cyclotron Laboratory, a precalibration run was made using a

Nal scintillator furnished by the Laboratory to determine the energy spread of

the beam at energies from 35 MeV to 148 MeV. The sensor heads were each exposed

to the collimated proton beam at 35, 45, 55, 65, 75, 85, 95 and 100 MeV

energies. During the sequence of runs, the E' detector singles rate was

recorded at energies up to 90 MeV and the Anti rate recorded at 90 MeV and

above. The high energy proton data presented in Figure 6. shows the expected

peak in energy deposition at 45 MeV (the thickness of the DE/DX and E detectors

is nominally 1.02 cm which is the range z-f 45 MeV protons in silicon). The

measured energy deposition from higher energy protons penetrating the detectors

is within I MeV of calculated values.
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